Objective: The Acute Dialysis Quality Initiative (ADQI) Group published a consensus definition (the RIFLE criteria) for acute renal failure. We sought to assess the ability of the RIFLE criteria to predict mortality in hospital patients.
A cute renal failure (ARF) is a common condition in critical illness, with a reported incidence of 1-25% (1) (2) . Hospital mortality for patients with ARF has been reported to vary from 28% to 90% (3) (4) . One of the major reasons for such variability is that there has been no consensus definition for ARF. Indeed, Ͼ35 different definitions have been used in the literature, creating confusion and making comparisons among the studies difficult (5) . This situation has impaired the study of ARF as well as the development of possible treatments (6) .
The Acute Dialysis Quality Initiative (ADQI) represents the efforts of a workgroup seeking to develop consensus and evidence-based statements in the field of ARF (7, 8) . Its purpose is to develop a consensus of opinion, with evidence where possible, on best practice and to articulate a research agenda to focus on important unanswered questions (www. adqi.net). Recently, ADQI published a consensus definition of ARF, using a set of criteria called the RIFLE (Risk, Injury, Failure, Loss, and End stage) criteria (9) . The RIFLE criteria classify ARF into three groups (Risk, Injury, and Failure) according to relative changes of serum creatinine and urine output.
Before this definition is used worldwide, however, its ability to predict outcome needs to be assessed under various conditions. Therefore, in this study, we have used the electronic databases of a tertiary hospital and applied the RIFLE criteria to a large set of hospitalized patients and evaluated their predictive ability for hospital mortality.
MATERIALS AND METHODS
The Austin Hospital is an urban, academic teaching, tertiary care hospital with 800 beds in the city of Melbourne, Australia. The population of Melbourne is approximately 4 million people. The Emergency Department of the Austin Hospital has approximately 40,000 patient visits per year, with approximately 12,000 of these resulting in hospital admission.
All patients admitted to the hospital between January 2000 and December 2002 were screened using the computerized hospital admissions and discharges database. Patients were excluded if they were younger than 15 yrs old, if they were on chronic dialysis or had kidney transplant, or if their length of hospital stay was Ͻ24 hrs. Demographic information was collected from the database (age, gender, type of admission, intensive care unit admission, use of mechanical ventilation, admission units, and hospital mortality). If a patient had more than one admission during the study period, only the last admission was included in the study. The need for informed consent was waived because the study required no intervention and no breach of privacy or anonymity as such projects are considered quality improvement activities by the Institutional Ethics Committee.
The RIFLE criteria (9) are shown in Figure 1 . In this study, we used the glomerular filtration rate (GFR) criterion only because we could not collect information for urine output. The worst categorical group of the criteria (the highest RIFLE category reached during hospital admission) was chosen from the Risk, Injury, or Failure categories and assigned to each patient for analysis. Because the F (Failure) component of RIFLE contains two definitions-either a) three-fold increase in serum creatinine or b) serum creatinine Ͼ4.0 mg/dL (350 mol/L) in the setting of an acute increase of Ն0.5 mg/dL (44 mol/L)-these subgroups were abbreviated to Fx3 and Fc, respectively, in this article.
To classify patients into one of the RIFLE criteria, peak and baseline creatinines were collected from the computerized laboratory database. The peak creatinine was defined as the highest creatinine during their hospital admission. The baseline creatinine was defined in two ways. For patients who had more than one admission during the study period, the baseline creatinine was defined as that measured at hospital discharge from the previous admission. For patients with only one admission, the baseline creatinine was estimated using the MDRD equation (10) , as recommended by the ADQI workgroup (assuming an average GFR of 75 mL/min in this age group). Demographic data are presented as mean Ϯ SD or percentages. Patients were separated into two groups according to the number of admissions during the study period (one admission and readmission). Demographics of these groups were compared with the Fisher's exact test or the chi-square test for nominal values and Student's t-test for numerical variables. To elucidate the impact of each RIFLE criterion, multiple-variable logistic regression analyses were conducted. All variables in Table 1 and the RIFLE criteria were chosen as independent variables in the analysis, which included age, gender, emergency admission, intensive care unit admission, mechanical ventilation, baseline creatinine, admission units, and the RIFLE criteria (Risk, Injury, and Failure). "General medicine" was used as a reference for admission units. A commercially available statistical package was used (StatView, Abacus Concepts, Berkeley, CA). We considered p Ͻ .05 as statistically significant.
RESULTS
Thirty-four thousand three hundred ninety patients had 56,668 admissions in the study period. Among these patients, 2,951 were younger than 15 yrs of age, 2,384 were either end-stage renal failure or kidney transplant patients, and 9,740 had a length of hospital stay Ͻ24 hrs. Therefore, 20,126 patients (31,439 admissions) remained for further analyses.
The demographics of the study patients are shown in Table 1 . Five thousand eight hundred and ninety-nine patients had more than one admission during the study period (readmission group). This group of patients were older, had fewer intensive care unit admissions, and were mechanically ventilated less often compared with patients with only one admission. They also had a higher mortality rate. Figure 2 shows the distribution and hospital mortality for each RIFLE criterion in all patients and readmitted patients (Fig. 2 ). The incidence of ARF was similar in all patients and readmitted patients (Risk, 9.1% and 10.1%; Injury, 5.2% and 4.5%; Failure, 3.7% and 3.4%). There was an almost linear increase in Tables 2 and 3 . All RIFLE criteria were significant predictors of hospital mortality, with a steady increase in odds ratio from Risk (2.5 and 2.9) to Injury (5.4 and 6.8) to Failure (10.1 and 8.1). The criteria for Injury and Failure were the strongest predictors of outcome among all variables tested.
DISCUSSION
We conducted a study of Ͼ20,000 patients admitted in a teaching hospital and validated the ability of the RIFLE criteria, a recently published consensus definition of ARF, to predict hospital mortality. We found that, in these patients, increasing levels of renal functional impairment as described by the RIFLE criteria correlated almost linearly with hospital mortality. We also found that, using multiplevariable logistic regression analysis, the presence of such renal impairment was independently and strongly predictive of an increased odds ratio (OR) for death. The ORs for Injury and Failure were higher than any other variables available for analysis. Furthermore, we reanalyzed nearly 6,000 selected patients in whom an assessment of baseline serum creatinine was possible (readmission) and confirmed the findings in all patients. Our findings validate the ability of the RIFLE criteria to predict outcome in hospital patients and have important implications that require detailed discussion.
First, it is important to consider the strengths and limitations of this study. The study included a large cohort of patients who were heterogeneous in terms of distribution of unit of admission, nature of admission (medical or surgical), or source of admission (emergency or elective). These features suggest that our sample may be representative of wider hospital populations elsewhere. On the other hand, this study is single center in design, which may limit its applicability to other institutions. We note, however, that, after we adjusted for some clinically relevant variables (e.g., age, admission unit, emergency admission, intensive care unit admission), all RIFLE criteria remained significantly related to hospital mortality. Our study is also retrospective in nature with the well-known limitations of such studies. However, the data we used were objective, were prospectively entered into the electronic hospital laboratory and patient admissions and discharges databases, and were not subject to manipulation or bias. The retrospective design of the study did not make it possible for us to assess the contribution of the urine output component of the RIFLE criteria. However, we note that only a minority of general ward patients have a urinary catheter in situ. When they do, hourly or six-hourly measurement of urine output is uncommon. Our computerized hospital admission and discharge database did not contain the information for ethnic groups. Asians are known to have a lower serum creatinine level in relation to GFR than in the MDRD equation (10) . However, Asians account for only approximately 5% of the Australian population according to the Australian census 2001; therefore, they would not have affected our main findings. We chose 75 mL/min, which is supposed to be the lower limit of a normal GFR, as an assumed GFR for patients whose baseline creatinine was unknown. With this assumption, the incidence of normal renal function in the RIFLE criteria was almost identical (82.0% in the both groups). If we had chosen a higher GFR, the incidence of renal dysfunction would have been higher in the single admission group than in patients who required readmission, which seems intuitively incorrect.
The RIFLE criteria provide categorical, rather than dichotomous, groups that include various levels of severity of ARF: Risk, Injury, and Failure. We found that, in hospitalized patients, these categorical groups had significant odds ratios for hospital mortality on multiplevariable logistic regression analysis with a stepwise increase (Risk 2.5, Injury 5.4, Failure 10.1). These observations have to be seen in the context of information available on the predictive ability of other widely used "syndrome definitions." The acute respiratory distress syndrome (ARDS), for example, carries a consensus definition for ARDS, which has been widely used in many observational studies and randomized trials (11) . This definition has two categories according to PaO 2 /FIO 2 ratio: acute lung injury (ALI) and ARDS. Although ARDS is supposed to be a severe form of ALI, it has been controversial whether ARDS has a higher mortality rate than ALI (12) (13) (14) . This contrasts with our findings for the RIFLE criteria. Despite this limitation, the ARDS consensus definition has considerably contributed to the progress of our understanding and management of ARDS (15) . Similarly, only one single-center validation study exists for the consensus definition for sepsis (16) , and yet the consensus criteria have facilitated the conduct of multiple randomized controlled trials in the field of sepsis that had not been possible before its introduction. Accordingly, although serum creatinine contains several limitations to monitor renal function (not a real-time marker for rapidly changing renal function, varied production rate and distribution volume among individuals, possible substitutes for more accurate diagnosis of ARF, e.g., cystatin C), the RIFLE criteria might similarly serve the medical community in the future and facilitate the conduct of randomized controlled trials.
Most of previous criteria for ARF used an absolute cutoff value of serum creatinine to define ARF. However, because some patients have chronic renal dysfunction, such criteria needed to have several stepwise cutoff values of creatinine to accompany its increment. For example, Nash et al. (17) defined ARF as an increase in serum creatinine of 0.5 mg/dL for patients with a baseline creatinine of Յ1.9 mg/dL, 1.0 mg/dL for patients with a baseline of 2.0 -4.9 mg/dL, and 1.5 mg/dL for patients with a baseline Ͼ5.0 mg/dL. Considering a rationale that a serum creatinine level is basically inversely proportional to GFR, the RIFLE criteria have applied relative changes in creatinine rather than absolute changes. With this method, the RIFLE criteria do not need to define ARF in patients with chronic renal dysfunction separately. However, it seems intuitively incorrect that a patient with a baseline creatinine of 2.5 mg could have an acute creatinine rise to 5.0 mg/dL and be classified as having Injury, not Failure. Therefore, the RIFLE criteria provide two ways to define Failure: a three-fold increase in creatinine (Fx3) or a Ͼ4.0 mg/dL creatinine in the setting of an acute increase of Ն0.5 mg/dL (Fc). Although these criteria were defined arbitrarily, we found that, in terms of hospital mortality, the two groups were surprisingly similar (39.4% and 43.2% in all patients, 50.0% and 50.4% in readmitted patients). This observation lends further support to the accuracy of the criteria.
CONCLUSIONS
We found that the RIFLE criteria classified close to 20% of hospitalized patients as having some degree of ARF. We also found that these criteria correctly independently predicted hospital mortality in such patients. Furthermore, the increase in mortality was almost linear in nature, and the criteria for renal injury and failure were more powerful independent predictors of death than the need for mechanical ventilation. Our findings justify the preliminary use of the RIFLE criteria for ARF in hospitalized patients and suggest the need for further investigations aimed at establishing the applicability of the RIFLE criteria to other patient populations.
